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Proper reinforcement encapsulation is a concern among structural engineers who must work with limited 
specific guidelines for shotcrete. Indeed, imperfections behind reinforcing bars (or any other obstacles) are often 
reported with the excessive use of set-accelerating admixtures or with unskilled nozzlemen. To address such 
concerns, past research has mainly focused on optimal mixture consistencies and best nozzle handling 
techniques to obtain perfect encapsulation [1, 2]. Albeit it has limited the creation of imperfections behind 
reinforcement by improving the rheology of the mixtures, the main issue has remained unresolved for decades: 
What actions must be taken code-wise 
if voids do appear? Unfortunately, the 
reliability and applicability of various 
encapsulation quality evaluation 
systems has been subject to 
continuous debate from industry 
experts who have emphasized that 
accounting the impact of the voids’ 
size on the bond strength of bars to 
concrete would be more useful. Early 
studies comforted the assumption 
that small scattered voids would not 
have a considerable negative effect, 
however, a tool for the design and evaluation of shotcrete 
structures had yet to be offered. For this purpose, an extensive experimental investigation in which 29 “pull-out” 
and 39 “beam-end” [3] bond specimens were built with different qualities of reinforcing bar encapsulation was 
undertaken to determine the impact of the voids’ geometry on bond performance of the bars; the slope of the 
load – slip curve, ultimate load and failure mode were analyzed. In some cases, artificial voids encased with a 
cast-in-place shotcrete mixture were created in order to precisely know their geometry and location.Preliminary 
results have confirmed that a void with an unbonded perimeter of approximately 20% (refer to Fig. 1) of the bar’s 
perimeter sets the limit at which bond strength begins to decrease drastically [4, 5] as initially hinted in a 
previous study [6]. Beyond that 20% unbonded perimeter limit, a change from a splitting failure mode to a pull-
out mode seems to be favored [4, 5]. Comparing sprayed and cast-in-place specimens, it was found that the 
slope of the load – slip curve was always stiffer for shotcreted specimens given the optimal air flow velocity was 
used. An additional analytical phase in which pseudo-results will be sought by means of a Finite Element Model 
of “beam-end” specimens with different qualities of bar encapsulation (refer to Fig. 2) is underway to explore the 
impact of localized voids and the concrete cover on the bond performance of the bars.Results are intended to 
help engineers reliably assess the bond strength of reinforcing bars by the visual examination of cores and 
determine if corrective design measures are required. In particular, modification factors for the development 
length equation specified by North American design codes will be proposed. This will provide scientifically 
backed modification factors to this equation based on reliable bond strength results to be used in situations 
where voids could be expected due to, among others, excessive reinforcement congestion, difficult job site 
accessibility or even uncertain nozzlemen expertise.  
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Figure 2: “Beam-end” and FEM detail 
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